The entrapment of tamoxifen onto alginate-gum arabic beads and the production of controlled drug release was investigated in this study. The polymeric system that would provide the controlled release of tamoxifen was formed using alginate and gum arabic. In the first phase of the study, the optimization of the alginate-gum arabic beads production was conducted; then the study continued with drug entrapment experiments. Tamoxifen entrapment yield was found to be approximately 90% of initial tamoxifen concentration. In vitro drug release experiments were performed in simulated gastric juice and intestinal fluid where the tamoxifen release was 20% and 53% of the initial drug present, respectively. As a result of this study, it is expected that a valuable contribution to the field of controlled drug release system production is realized.
INTRODUCTION
Controlled drug release systems have a significant role in medicine. They are considered as useful systems that enable the drug to be more efficient. These systems have advantages such as decreasing the risk of harmful effects that may come from the drug and increasing the efficiency and availability of the drug compared to conventional drug applications (1) . In controlled drug release systems, the drug is entrapped by the carrier.
The carrier is required to release the drug in a desired manner during its voyage to the defined part of the body or when it reaches there.
Natural polymers have gained attention as suitable materials to produce controlled drug release systems (2) . Alginate ( Figure 1a ) is a natural polysaccharide composed of α-1,4-guluronic acid and β-D-mannuronic acid blocks. Guluronic acid residues are responsible for the gelation properties of alginate. Alginate is a water-soluble, linear, and polyanionic biopolymer obtained from brown algae and it is employed in numerous applications such as food, textile, pharmaceutical, cosmetic industries as stabilizers, thickening and gelling agents, and adhesives. Alginate is reported to be safe when it is taken by the oral route since it is nontoxic and biodegradable (3). Alginate can be gelled with Ca 2+ anions easily.
Gel beads, microparticles and nanoparticles can be synthesized from alginate alone or together with other polymers like chitosan, gelatin, and albumin. Gum arabic (Figure 1b) is a polysaccharide obtained from acacia tree. Similar to alginate, gum arabic finds usage in food and other industries.
(a) (b) Figure 1 . Molecular structures of alginate (a) (4) and gum arabic (b) (5).
( Figure 2 ) is a synthetic drug used for cancer therapy. It is an antagonist for estrogen receptors in mammary tissue via its active metabolite hydroxytamoxifen (6) . Antagonists attach to the cell receptor and act as a natural stimulator and prevent the natural response (7). TMX is being administrated to patients with different stages of breast cancer and although it is a very effective drug, in high doses it may lead some harmful developments such as endometrial cancer and tumor progression (8-9). Entrapment materials were synthesized for minimizing these disadvantageous effects to capture tamoxifen and deliver it to the tumor site. Polymeric micelles (10), nanoparticles (11-12), alginate/chitosan microparticles (13), and hydrogels (14) are examples of tamoxifen carriers. In this study, the entrapment of tamoxifen into alginate/gum arabic beads and in vitro controlled tamoxifen release was investigated. The aim of the study was to develop a new carrier for tamoxifen with a high entrapment yield and good carrier properties.
MATERIALS AND METHODS

Materials
Tamoxifen citrate, alginic acid sodium salt from brown algae (medium viscosity), CaCl2, gum arabic, ethanol, and HCl were purchased from Sigma (Steinheim, Germany). Tween 80 was obtained from Merck (Darmstadt, Germany) and KCl was obtained from Carlo Erba (Ronado, Italy). Phosphate buffer tablets (PBS) were purchased from Oxoid (Hampshire, England). All chemicals used were of analytical grade.
Production of plain alginate-gum arabic beads
Plain beads were prepared by ionic crosslinking method (16) . Two hundred milligrams of alginic acid sodium salt was dissolved by stirring the solution at 200 rpm at room temperature for 30 min in 20 mL distilled water. Gum arabic (100 mg) was added slowly and mixture was stirred for 30 min at 200 rpm and sonicated for 5 min. Alginate-gum arabic solution was added dropwise into continuously stirred (100 rpm) 5% CaCl2 solution.
The resulting beads were maturated for 1 h, filtered, and washed with distilled water.
Preparation of TMX entrapped alginate-gum arabic beads
TMX entrapped beads were produced by adding 1.0 mL of TMX solution (3 mg/mL in ethanol) into 20 mL of alginate solution (1%, w/v) containing 100 mg gum arabic. The
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solution was mixed at 200 rpm for 30 min. The resulting solution was added dropwise into the crosslinker solution (5% CaCl2) and the drug-entrapped beads were obtained ( Figure   3 ). The beads were maturated for 1 hour, then filtered. All experiments were employed triplicate.
Figure 3.
Production of TMX entrapped alginate-gum arabic beads.
Entrapment efficiency (EE%)
Entrapment efficiency was calculated evaluating the drug content in the filtrate that indicates the untrapped TMX. Two mL of the filtrate was centrifuged at 18000 rpm at 4 ºC for 30 min in order to remove any suspended molecules and the absorbance of the supernatant was recorded at 276 nm. The EE% of beads was calculated from the formula given below:
In vitro release studies
In vitro release of TMX from alginate-gum arabic beads was carried out at 37±1 °C in 50 
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The release profile of TMX was also evaluated in SGF and SIF consecutively. Beads were transferred into 100.0 mL of SGF and allowed to stir at 150 rpm for 2 h. At each 30 min intervals, 2.0 mL of the medium was sampled and centrifuged at 18000 rpm at 4 ºC for 30 min and the absorbance was recorded at 276 nm. Then, beads were removed from SGF and transferred into 103 mL of SIF and stirred for another 3 h. The release procedure was followed in intestinal medium for 22 hours. Release experiments were conducted at 37 ºC in triplicate. The amount of released tamoxifen was calculated from TMX standard curve.
RESULTS AND DISCUSSION
In this study, an anticancer agent, Tamoxifen, was selected as the model drug which was further entrapped by ionic crosslinking method in alginate and gum arabic natural polymers. Alginate-gum arabic beads were produced and their abilities to release the anticancer drug Tamoxifen in a controlled manner were investigated. A polysaccharide blend was prepared composed of alginate and gum arabic. Spherical beads were obtained 
TMX Release%
Time (h) Figure 7 . The release profile of TMX entrapped alginate-gum arabic beads in SIF.
The release percentage in SGF was lower compared to SIF. This may be explained by the swelling behaviors of beads in these media. Alginate-gum arabic beads might have the capability to swell and release the drug entrapped slightly in gastric medium. However, they might swell more in intestinal media and also disintegrate and allow the drug to become free (17) . Disintegration may be the major reason of higher release profile since calcium favors to form calcium phosphate (18) , as it is observable that the release medium was turbid during the studies in SIF.
The consecutive TMX release in SGF and SIF was also studied and was illustrated in Figure   8 . The results were similar to individual procedures applied in SGF and SIF alone. However, this treatment was assumed to be more convenient to mimic the stages that a drug passes in the human body. As seen in Figure 8 , 30% of TMX was released in SGF and when the beads were transferred into SIF, with a shift of 10% in 30 min, 60% of cumulative TMX release was observed after 5 h. 
CONCLUSION
The polymeric system that provided the controlled release of Tamoxifen was built using alginate and gum arabic natural polymers. In vitro drug release experiments were conducted in simulated gastric juice and intestinal fluid using the tamoxifen entrapped beads. It may be concluded that results presented here indicates that it is possible to manufacture a working drug carrier and release system for Tamoxifen using alginate and gum arabic natural polymers. The study needs further investigation for production of the drug carrier in real time manufacturing plants. 
